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Abstract 
 
 
Coexistence of mutually influencing ferroelectric and magnetic ordering at low temperature 
in hexagonal phase of rare-earth manganites gives rise to interesting physical phenomena. 
Here, we report a detailed analysis of powder neutron diffraction (ND) studies on 
polycrystalline Y1-xDyxMnO3 (x = 0, 0.05) as a function of temperature.  Our analysis shows 
that Dy doping at Y site leads to modification in lattice constants: unit cell shrinks in c 
direction, but expands in ab plane, unit cell volume increases and effective Mn magnetic 
moment also reduces. All the Mn-O bond lengths and O-Mn-O bond angles shows significant 
variations leading to reduction in tilting of MnO5 polyhedra. Dielectric measurements on 
these samples show that, due to Dy doping, inverse S-shape anomaly shifts to the lower 
temperature side and magnetoelectric coupling decreases.  Magnetic measurements confirm 
the decrease in the frustration of Mn triangular lattice. Temperature dependent specific heat 
measurement shows anomaly at Néel temperature (TN) and results indicate a decrease in 
entropy due to Dy doping.  These results are understood in terms of modification in 
magnetoelectric coupling triggered due to Dy induced strain in Y plane of YMnO3.   
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Introduction 
The correlation between magnetic, electric and elastic properties has been pursued for 
a long time in condensed matter physics [1-5].  Magneto-electric coupling in multiferroics, 
which possess electric and magnetic ordering simultaneously, has been extensively explored 
but with a small rate of success [6-9].  These materials hold the promise for potential 
technological applications in nonvolatile multiple-state data storage, magnetic field sensors, 
transducers, and actuators [10-13].  These novel applications have stimulated the search for 
new multiferroics and highlighted the need for a thorough understanding of physics behind 
these exciting materials.  The non-trivial spin-lattice coupling in multiferroics has been 
observed through various forms, such as linear and bilinear magneto-electric effects [14], 
polarization change through field-induced phase transition [15, 16], magneto-dielectric effect 
[17, 18], and dielectric anomalies at magnetic transition temperatures [19, 20].  The major 
drawback of currently known multiferroic compounds is that they undergo magnetic and 
ferroelectric phase transitions at much different temperatures, resulting in a weak coupling 
between both the orders [21, 22]. 
Lanthanide-based manganites RMnO3 (R=Tb, Dy,…Lu) have attracted a great deal of 
attention because of their flexibility in forming orthorhombic or hexagonal crystal structures, 
depending on the lanthanide ionic radius 3
R
r .  RMnO3 stabilizes in an orthorhombic phase 
(Pbnm) [23] when 3
R
r 3
Dy
r and a hexagonal phase (P63cm) [24] is formed when 3
R
r 3
Dy
r .  
The orthorhombic RMnO3 (R=Tb, Dy, and Gd) are reported to be antiferromagnetic (AF) 
with TN ~ 40 K and ferroelectric (FE) phase appears below TN.  Ferroelectric polarization in 
this class of compounds is governed by lattice modulation accompanied by the AF order [25-
27].  On the other hand, the hexagonal RMnO3 (R=Ho, Er, Tm, Yb, Lu, and Y) compounds 
are of particular interest due to coupling between ferroelectricity and ferromagnetism and 
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their possible control by the application of magnetic and/or electric fields [28].  These 
compounds order ferroelectrically around 600 K and AF ordering temperature i.e. Néel 
temperature (TN) ranges from 56 to 120 K [29-31]. 
Of the hexagonal rare earth manganites, YMnO3, one of the most intensively studied 
compound, is of particular interest because it has simpler crystalline and magnetic order, 
which may facilitate the unraveling of the complex physics of multiferroicity.  The crystal 
structure of hexagonal YMnO3 consists of alternating MnO5 triangular bipyramidal layers 
and rare-earth (Y) layers in the out-of-plane direction [28, 32, 33]. A striking feature of this 
structure is a 2D in-plane Mn
3+
 (S=2) stacked triangular lattice causing geometrical 
frustration with frustration parameter f = 5 to 10, where f = CW/TN, with CW and TN as 
Curie-Weiss and Néel temperature respectively [19, 28, 33, 34].  Due to these competing AF 
superexchange interactions among Mn
3+
 spins, each of the three sublattices are oriented at 
120° from the other and classical magnetic ground state acquires noncollinear spiral 
configuration [33, 35].  The coupling of these triangular lattices of Mn layers along the c-axis 
is difficult to resolve from macroscopic measurements but it has been investigated for various 
hexagonal manganites by ND experiments [36]. Giant magnetoelastic coupling has been 
observed in the ferroelectric as well as AF phases and modification in this coupling due to 
external magnetic has also been studied [28, 33]. 
In hexagonal RMnO3, the R
3+
 site may have non-magnetic (e.g. Y
3+
) [32, 33] or 
magnetic (e.g. Tb
3+
, Dy
3+
) [37, 38] atom. The magnetic R
3+
 ions order at very low 
temperatures (below 15 K) and this makes the frustrated Mn triangular sublattice more 
complicated [39].  From ND studies, it is well known that R
3+
 ions occupy two inequivalent 
crystallographic positions [2(a) and 4(b) represented as R1 and R2 respectively] whereas the 
Mn
3+
 ion occupies the 6(c) position [19, 32, 33].  The magnetic moments on R1 and R2 sites 
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are considered to be of different strengths and independent of each other [40].  The geometric 
arrangement of sub-lattice remains the same for different rare earth ions, but the magnetic 
properties can be quite different depending on the size of R
3+
 ion.  Interestingly, the rare-
earth moments at the 4(b) sites are usually ordered and directed parallel to the c axis (i.e. 
perpendicular to basal plane) causing the inter-sublattice coupling to be frustrated and 
magnetic phase diagram becomes more complex [41].   
In order to study the microscopic origin of multiferroicity in YMnO3, various doping 
studies had been performed at both magnetic Mn site and non-magnetic Y site [42-45].  It is 
observed that multiferroic property of YMnO3 is governed by both the magnetic Mn and non 
magnetic Y atoms [46].  It would be interesting to see how the multiferroic property gets 
modified while transforming from hexagonal to orthorhombic structure.  Orthorhombic 
DyMnO3, a known multiferroic, contains larger Dy, so doping Dy at smaller Y site is 
expected to produce significant impact on structure and multiferroic property.  The partial 
replacement of Y by Dy results in a change of orbital occupation (5s
2 
4d
1
 to 6s
2
 4f
10
) and 
ionic radius (90 to 91.2 pm).  From magnetization measurements of DyMnO3, it was 
concluded that the Dy
3+
 moments order ferrimagnetically below 7 K [47-49].  Nevertheless, 
the magnetic structure and the corresponding magnetic symmetry remained unknown for 
orthorhombic DyMnO3 [35]. Thus we can understand emerging physical properties due to 
doping of large Dy at Y site in hexagonal YMnO3. 
In this paper, we demonstrate that in hexagonal YMnO3, larger Dy
3+
 ion could be 
doped in place of smaller Y
3+
 ion.  Modification in the crystal structure due to 5% Dy doping 
was studied by X-ray diffraction and temperature dependent ND measurements.  It is 
observed that doping results in significant variation in microscopic parameters such as lattice 
constants a, c, unit cell volume, ordered Mn magnetic moment, Mn-O bond lengths and O-
Mn-O bond angles.  Magnetic measurement clearly shows the decrease in the AF transition 
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temperature for x = 0.05 in Y1-xDyxMnO3 as compared to YMnO3.  These results are further 
correlated with the results of temperature dependent magneto-dielectric study. Specific heat 
measurement in presence of magnetic field shows the evidence of ordering of Dy
3+
 moment 
below 15 K.  Due to higher neutron absorption coefficient ( a ~ 994 barn) of the naturally 
occurring isotope of Dy, it is challenging to determine the magnetic structure of Y1-x 
DyxMnO3 by ND and hence the Dy doping is limited to only 5% in the present work. 
Experimental techniques 
 
Polycrystalline samples of Y1-xDyxMnO3 (x = 0, 0.05) were synthesized by standard 
solid-state reaction method at ambient pressure.  Y2O3 (99.99%), Dy2O3 (99.99%) and MnO2 
(99.99%) were thoroughly mixed ground in a ratio of 1:2 to achieve the stoichiometry of Y1-
xDyxMnO3 (x = 0, 0.05).   The mixed powders were compacted and heated to 1100 °C for 13 
h and later they were annealed at 1300 °C for 12 h with intermediate grindings in order to 
ensure the homogeneity and density of pellets for dielectric measurements.  Room 
temperature powder X-ray diffraction (XRD) studies of the samples were performed using a 
Bruker D8 X-ray diffractometer with Cu K  radiation ( =1.5406 Å).  The ND measurements 
were carried out on powder samples using the multi-position sensitive detector based 
Focusing Crystal Diffractometer (FCD) of UGC-DAE Consortium for Scientific Research 
Mumbai Center at Dhruva reactor, Mumbai (India) at a wavelength of 1.48 Å in the 
temperature range of 10 to 300 K.    
The ND patterns were analyzed using Rietveld method and the refinement of both crystal 
and magnetic structures was carried out using the FULLPROF program [50].  Temperature 
and frequency dependent dielectric measurements on the pellets were performed using a 
QUADTECH 1920 precision LCR meter using a cryogen-free low temperature high magnetic 
field facility.  Magnetization and specific heat data were recorded in a Quantum Design 
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Magnetic Property Measurement System (MPMS) SQUID and Physical Property 
Measurement System (PPMS), respectively. 
  
Results and discussion 
Fig 1(a) shows the room temperature XRD pattern for Y1-xDyxMnO3, x = 0, 0.05 
samples.  For both the samples, all peaks are satisfactorily indexed in hexagonal crystal 
structure with space group P63cm.  Due to doping of larger Dy
3+
 in place of smaller Y
3+
, all 
the lattice peaks shift to the lower 2  values which signifies increase in lattice volume.  The 
inset of Fig 1(a) shows the XRD pattern of x = 0.05 sample in the 2  range of 15-70 .         
Fig 1(b) shows Rietveld refinement of room temperature ND patterns of Y1-xDyxMnO3 x 
= 0, 0.05. It is observed that there is no change in the crystal structure from room temperature 
to 10 K, thus indicating that the hexagonal structure is retained up to 5 % doping of Dy in 
YMnO3. Lattice constants a = 6.149 Å and c = 11.363 Å for YMnO3 are in a good agreement 
with the data available in literature [42, 45].  Due to Dy doping, the lattice constant a and unit 
cell volume increase whereas lattice constant c decreases.  ND pattern of the doped sample 
does not show the presence of any impurity peaks.  Structural parameters after the Rietveld 
refinement of ND patterns for Y1-xDyxMnO3, x = 0, 0.05 at room temperature are shown in 
Table 1.  In the inset of Fig 1(b), ND patterns at 10 K for both the samples are shown and the 
magnetic Bragg peaks are marked by (*).  Low temperature ND patterns were recorded in 
warming cycle. ND patterns below TN show the expected magnetic intensities, in particular 
the peak (101) which is forbidden by the space group P63cm. Appearance of this peak is a 
signature of the AF below TN characterized by the propagation vector k=0.  For the magnetic 
refinement of the ND pattern at 10 K, the structure described by the basis vectors of the 
irreducible representation Γ1 was used. 
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 In the entire temperature range measured during warming cycle from 10 K to 300 K, 
lattice constant a shows increasing trend and c shows decreasing trend in for both x = 0 and 
0.05 samples.  Shrinkage in c-axis due to Dy doping is expected to buckle or release the Y 
plane, and this strain may possibly modify the MnO5 polyhedron tilt.  The effect of this 
reorientation can be observed in ordered state magnetic moment of Mn ions located on z = 0 
and z = 1/2 planes.  Variation of lattice constants, unit cell volume, and ordered Mn ion 
magnetic moment as a function of temperature is depicted in Fig 2(a)-(c). We observe 
significant suppression in Mn ion magnetic moment in Y1-xDyxMnO3, x = 0.05 as determined 
from the magnetic Rietveld refinement.  It is clearly observed that for x = 0.05, the ordered 
Mn ion moment decreases much faster as compared to x = 0 signifying the reduction of TN 
for x = 0.05.  Dielectric measurements on x = 0.05 confirm decrease in AF transition 
temperature (TN) to ~ 55 K as well as in magnitude of real part of dielectric constant.  In case 
of RMnO3, it has been reported that due to the tilting of MnO5 polyhedra and buckling of R 
plane, c-axis gets elongated [51, 52] but in the present case, c - axis decreases with respect to 
Dy doping which suggests tilting and buckling are reduced. 
From Fig 3(a)-(d), we see that, on one hand, Mn-O1 and Mn-O3 bond lengths reduces on 
induction of 5% Dy at Y site at all temperatures below and above the ordering state. While on 
the other hand, Mn-O2 and Mn-O4 bond lengths increase in the same situation.  It is known 
that in pure YMnO3 structure, Mn atoms are situated at z=0 and z=1/2 plane and each Mn is 
surrounded by five oxygen atoms forming MnO5 trigonal bipyramidal structure.  O1, O2 
represent apical oxygen (Oap) atoms and O3, O4 represent equatorial oxygen (Oeq) atoms. 
Variation in Mn bond length with equatorial oxygen is more prominent in the ordered state.  
Thus, we clearly observe reorientation in MnO5 polyhedra.  Bond angles are depicted in Fig 
3(e)-(j).  This reorientation results in increase of O1-Mn-O2, O1-Mn-O3, O1-Mn-O4, and 
O2-Mn-O3 bond angles while O2-Mn-O4 bond angle decreases all over temperature range 
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from 10 K to 100 K .  Tilting of MnO5 polyhedra is represented by the angle between O(1)–
O(2) (apical oxygen) bond and c-axis, which is reflected in O1-Mn-O2 bond angle, Fig 2 (e) 
clearly show the increase in O1-mn-O2 bond angle, thus signifying the modification  in the 
magnitude of tilting of MnO5 polyhedra. The reduction in the tilting and buckling in MnO5 
polyhedra may be induced due to doping of large Dy
3+
 in place of smaller Y
3+
.  
The magnetic susceptibility studies of Y1-xDyxMnO3 were done at μ0H=0.5 T in zero 
field cooled (ZFC) condition and presented in Fig 4.  Inset shows the reciprocal magnetic 
susceptibility (1/χ) as a function of temperature which, for both the samples, follows Curie-
Weiss behavior with the effective paramagnetic moments 4.67 μB and 4.95 μB for x = 0, 0.05, 
respectively. These values are in a good agreement with the free Mn
3+
 ion value, 4.9 μB (for 
S=2). The extrapolated paramagnetic temperatures are -330 K for x = 0 and -225 K for x = 
0.05 and the degrees of frustration (f) are 5.5 and 3.8, respectively.  Thus, Dy doping in 
YMnO3 decreases the frustration factor significantly.  At low temperatures, the Dy moments 
start ordering and due to this reason the moment for Dy doped sample is larger as compared 
to YMnO3. 
Temperature dependent dielectric constant (ε) of the sintered pellets of Y1-xDyxMnO3 
across the AF transition at a frequency of 1 kHz and at 0H = 0 T is shown in Fig 5(a).  For x 
= 0, a clear signature of a weak first order phase transition (AF ordering) is clearly evident at 
T ~ 62 K, whereas for x = 0.05, transition is observed at T ~ 58 K.  For Dy doped samples, 
the dielectric constant decreases considerably and also the inverse S-shape anomaly shifts to 
lower temperature side (shown in the inset of fig 5 (a)).  For both the samples, ε increases 
with increasing temperature and the increment is sharp above 200 K which persists up to 
room temperature.  At room temperature, ε for both the samples becomes almost equal, 
pointing towards less effect of 5% Dy doping at the room temperature.  Magnetocapacitance 
(MC) for both the samples is shown in Fig 4(b) in presence of μ0H= 0, 3, 5 T.  The strength 
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of MC has been determined using the relation, 100
)0H,T(
)0H,T()H,T(
MC .  This strength for x = 
0 at 65 K in the presence 3 T magnetic field is 0.33% and for 5 T, it is 0.5%, whereas for x = 
0.05 at 58 K, which is TN, the strengths of MC at 3 T and 5 T are 0.05% and 0.16%, 
respectively.  Hence, from field dependent dielectric measurements on both samples, we 
conclude that the magnetoelectric coupling decreases due to doping of larger ionic radii Dy in 
place of smaller Y.  The change in the dielectric constant with the magnetic field is purely of 
capacitive origin and the possibility of leakage current and presence of MC due to 
magnetoresistance has been ruled out [28, 53].  In case of YMnO3, field dependent ND 
experiments clearly show that magnetic field suppresses the tilting of MnO5 polyhedra and 
due to this reason, ε decreases in presence of magnetic field.  In case of Dy doped YMnO3, 
doping exerts a chemical pressure on the unit cell and in presence of magnetic field, the 
change in dielectric constant is even less as compared to YMnO3.  Clearly, due to Dy doping, 
the unit cell becomes more rigid and less prone to external magnetic field.  The changes in 
the dielectric constant due to magnetic field in the paramagnetic state provide the evidence of 
dominant magnetoelastic coupling over magnetoelectric coupling [28].  As compared to 
YMnO3 the magnetoelastic coupling decreases significantly in Dy doped samples. 
In order to study the specific heat properties of the pure and doped samples, we measured 
the heat capacity from 2 to 90 K. The raw data, shown in the main panel of Fig 6(a) displays 
a clear peak indicative of the AF transition (TN). The peak position in the heat capacity data 
shifts from 62 K for x = 0 to 58 K for x = 0.05. Due to ordering of Dy
3+
 below 15 K, an 
anomaly in the specific heat is observed and it is expected that for doped samples magnetic 
entropy will be more. In the inset, we also plotted the magnetic specific heat ∆CP/T after 
subtracting phonon contributions. In order to calculate magnetic entropy from the raw heat 
capacity data, we have estimated the phonon contribution using the Debye model with two 
Debye temperatures (θ1=413±5 K and θ1=825±6). This two-Debye-temperature model is used 
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because there are two kinds of elements in our samples: three relatively heavy elements (Y, 
Dy, and Mn) and a relatively light element (O), which are expected to give rise to 
distinctively different Debye temperatures [44]. The anomaly in the specific heat for Dy 
doped sample at low temperature becomes more prominent after phonon subtraction.  By 
subtracting the phonon contribution from the raw data, we have obtained the total magnetic 
entropy of 11.45 J mol
-1 
K
-1
 for YMnO3, 12.78 J mol
-1 
K
-1
 for x = 0.05.  We can ascribe the 
increased magnetic entropy to the doped magnetic Dy
3+
 in place of non magnetic Y
3+ 
within 
the resolutions of our experiments.  We have also studied the magnetic field dependent heat 
capacity as a function of temperature for both the samples.  When a magnetic field μ0H up to 
5 T is applied, no changes are observed in the transition temperatures for both the samples.  
The specific heat for YMnO3 remains unperturbed due to external magnetic field in the entire 
temperature range 2 - 90 K.  Whereas for x =0.05, a significant variation below 15 K is 
observed even for 1 T magnetic field, shown in Fig 6(b).  These variations become more 
prominent at even higher magnetic field (μ0H = 5 T).  It is to be noted that for 1 T magnetic 
field, the magnetic entropy increases (12.83 J mol
-1 
K
-1
) as compared to zero field and when 
the field is increased to 5 T, it decreases (12.47 J mol
-1 
K
-1
).                    
 
Conclusion 
In summary, we have investigated the crystal structure of Y1-xDyxMnO3 (x = 0, 0.05) by 
means of XRD and temperature dependent neutron diffraction experiments. ND 
measurements revealed that the size of the ordered moment is reduced from the expected 
value of Mn
3+
 and this value further decreased when Dy is doped at Y site. These magnetic 
properties are caused by strong geometrical frustration of spins on the triangular lattice of Mn 
ions which is well supported by magnetization measurements.  Temperature dependence of 
microscopic parameters clearly establishes that Dy suppresses the tilting of MnO5 polyhedra 
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and the buckling of Y planes.  Field dependent dielectric data reveal that substantial 
magnetoelectric coupling is present for YMnO3 and it decreases considerably when Dy is 
doped at Y site.  Specific heat measurement also confirms the reduction in entropy. 
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Figure Caption: 
FIG 1. (Color online) (a) X-ray diffraction pattern of polycrystalline YMnO3 and 
Y0.95Dy0.05MnO3 taken at room temperature. For clarity only small range of 2  (28-
34 ) is shown.  In the inset the whole 2  range is shown for Y0.95Dy0.05MnO3.  All the 
peaks for both the samples are identified and indexed with hexagonal crystal structure 
and space group P63cm.  All YMnO3 peaks shift to the lower 2  values due to doping 
of larger Dy in place of smaller Y.  (b)  ND pattern (symbols) taken at 300 K for 
YMnO3 and Y0.95Dy0.05MnO3.  The solid line represents the calculated pattern with 
hexagonal symmetry.  Inset shows the ND pattern taken at 10 K for both the samples.  
The magnetic Bragg peaks are marked by (*).  The lines below the bars in the figure 
indicate the difference between the observed and calculated diffraction patterns. The 
bars indicate the position of the nuclear Bragg peaks. The upper and lower sets of bars 
in the inset correspond to nuclear and magnetic phases, respectively. 
FIG 2. (Color online) Temperature dependence of (a) lattice constant a, lattice 
constant c (b) unit cell volume (c) ordered magnetic moment of Mn atom  
FIG 3. (Color online) (a)-(d) Mn-O bond lengths, (e)-(j) O-Mn-O bond angles.  All 
the O-Mn-O bond angles are measured in degrees.  All the values are obtained from 
Rietveld refinement of ND pattern at various temperature for pure YMnO3 (■) and 
Y0.95Dy0.05MnO3 (∆). Here O1, O2 represent apical oxygen atoms and O3, O4 
represent equatorial oxygen atoms.  
FIG 4.  (Color online) Temperature variation of the magnetic susceptibility measured 
in zero field-cooled (ZFC) conditions under μ0H = 0.5 T is shown for YMnO3 (■) and 
Y0.95Dy0.05MnO3 ( ).  Inset (a) and (b) show the temperature dependence of inverse 
susceptibility for YMnO3 and Y0.95Dy0.05MnO3 respectively.  Symbols are for data 
point and the line is a fitting result using the Curie-Weiss law.  
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FIG 5. (Color online) (a) Temperature dependence of dielectric constant measured at 
μ0H = 0 T for YMnO3 (■), and Y0.95Dy0.05MnO3 (●) taken at 1 kHz frequency in the 
temperature range 5-250 K. Inset shows the inverse S-shape anomaly for YMnO3 (at 
~ 62 K) and Y0.95Dy0.05MnO3 (at ~ 58 K) which is a signature of AF transition. (b) 
Temperature dependence of dielectric constant measured at different magnetic field 
μ0H = 0 T (▬), 3 T (▬) and 5 T (▬) taken at 1 kHz frequency for YMnO3 (upper 
panel) Y0.95Dy0.05MnO3 (lower panel) are shown. 
FIG 6. (Color online) (a) The temperature dependence of specific heat (raw data) for 
YMnO3 (upper panel) and Y0.95Dy0.05MnO3 (lower panel) at μ0H= 0 T are shown.  
The anomaly in C/T plot for both the samples is a clear signature of AF ordering.  The 
inset of each panel shows the magnetic contribution of specific heat which is obtained 
from raw data of specific heat after subtraction of phonon contributions. (b) 
Temperature dependence of specific heat for Y0.95Dy0.05MnO3 done at μ0H= 0 T (▬), 
1 T (▬) and 5 T (▬) are shown.  Inset shows the clear variation in the heat capacity 
at low temperatures. 
Table caption 
Table 1.  Structural parameters after the Rietveld refinement of neutron diffraction 
pattern of YMnO3 and Y0.95Dy0.05MnO3 at room temperature.  Atomic positions of Y1 
(Dy1) and O3 at 2a (0,0,z);  Y2 (Dy2) and O4 at 4b (1/3,2/3,z); Mn, O1, and O2 at 6c 
(x,0,z) (for Mn, z = 0). 
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Table 1 
Parameters YMnO3 Y0.95Dy0.05MnO3 
a (Å)  6.1490 6.1686 
c (Å)  11.3627 11.3345 
V (Å3)  372.073 373.511 
Y1 Z 0.27206 0.27206 
 Biso 0.422 0.422 
Y2 Z 0.22900 0.22900 
 Biso 0.422 0.422 
Mn X 0.32472 0.32472 
 Biso 0.498 0.498 
O1 X 0.30952 0.30952 
       Biso 0.450 0.450 
 Z 0.15127 0.15127 
 Biso 0.450 0.450 
O2 X 0.64491 0.64491 
 Biso 0.445 0.445 
 Z 0.32599 0.32599 
 Biso 0.445 0.445 
O3 Z 0.47814  0.47814  
 Biso  0.795  0.795 
O4 Z 0.01227 0.01227 
 Biso 0.795 0.795 
Discrepancy factors 
2  3.93 3.82 
Rp (%)  2.17 3.10 
Rwp (%)  2.89 4.05 
Rexp(%)  1.23 2.09 
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Fig 3. 
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